Automatic objective refractors, which estimate the refractive error without requiring any operator or patient judgment, have been available since the early 1970s. These instruments are easy to operate, are much quicker than manual refraction, and are appreciated by the patients. ' Therefore, there is an increased acceptance for them in clinical settings.
Automatic objective refractors, which estimate the refractive error without requiring any operator or patient judgment, have been available since the early 1970s. These instruments are easy to operate, are much quicker than manual refraction, and are appreciated by the patients. ' Therefore, there is an increased acceptance for them in clinical settings. (NTH) took part in this study. They were selected at random and were a representative sample of the Norwegian engineering students at the NTH.9 Of these, 107 (47-8%) were males and 117 (52-2%) were females, with a mean age of 206 (SD 1 1) years (range 18-7-27-3). All 448 eyes were included in the study because no subject fulfilled exclusion criteria of aphakia, pseudophakia, diabetes mellitus, other eye disease, or eye injury. Two persons had amblyopia (visual acuity below 0 5 in one eye each due to hyperopia (one) and anisometropia (one)).
The eye examinations took place at the Department of Ophthalmology, Faculty of Medicine at the University of Trondheim, Norway and all the measurements were carried out by the first author using the same procedure and equipment. After slit-lamp examination of the anterior segment of the eye, one drop of cyclopentolate 1% was administered to each eye and repeated after 5 minutes. The examination was continued after 30 minutes. The power of corrective lenses, if any, was measured in a lensometer (Allergan, Humphrey lens analyser).
All 448 eyes were analysed using an Allergan Humphrey 500 autorefractor. A 'standardised' value was displayed after a series of measurements had been taken in the measurement cycle.4 Subsequently, all students were subjectively refracted using the subjective refraction method. In addition, 80 students were selected at random from the study population and their eyes (n= 160 eyes) were analysed using a Nidek AR-1000 autorefractor, obtaining three measurements and from which the average value was calculated. To summarise, the refractive examination in cycloplegia was carried out using the following procedure commencing with right eye: (1) The study has been approved by the regional ethics committee. Figure 1 . The figure illustrates the asymmetrical distribution of refractive errors with a tail in the myopic direction. Determined with standard subjective refraction, the range of refractive errors (n= 160) was 11 0 to -10-5 D, and the mean refractive value was -0 7 (SD 2 5) D (right eye), and -0 7 (SD 2 9) D (left eye). Concerning cylinder axis, in 223 (64-8%) of the 344 eyes with astigmatism, the cylinder axis determined by the autorefractor was within 10 degrees of difference from that measured subjectively, and in 300 eyes (87X2%) within 20 degrees of difference. Figure 2 illustrates that there was no obvious relation between the differences in spherical equivalent values measured with the Humphrey autorefractor and subjective refraction, and the values for average spherical equivalent determined by these two methods. Thus, the differences between the values obtained with these two methods did not vary in any systematic manner over the range of measurements. A similar relation was found for the left eye (data not shown) and when comparing the Nidek and subjective refraction for the right and left eye (data not shown).
The differences in spherical equivalent values between the Humphrey and subjective refraction were found to' be approximately normally distributed, and thus the limits of agreement between the two methods were calculated.8 As shown in Table 1 , the limits of agreement were within plus or minus 0-95 D.
Testing the refraction results determined by the Humphrey autorefractor, the mean of the best visual acuity achieved was 0X86 (SD 0.24) (n=444), and 1-08 (SD 0-14) (n=448) measured with the best subjective refraction. AGREEMENT et al found the Humphrey HAR 520 autorefractor to be in good agreement with subjective refraction and the differences in spherical Table 2 Mean difference in refraction (D) between autorefractors and subjective refraction (autorefractors minus subjective refraction) and 95% limits of agreement for these differences in four studies. For the two first studies, calculation of limits of agreement has been performed on the basis of the published data. All studies are on cycloplegic eyes On the other hand, our study demonstrated closer agreement between the cylinder component values. Regarding the cylinder axis, the percentage agreement within 10 degrees between autorefractor measurements and subjective refraction performed without cycloplegia, has been reported to vary between 28% and 91%.312 Our study revealed that the Humphrey autorefractor gave a better estimate of the cylinder axis than the Nidek autorefractor.
As mentioned above, the same procedure was followed in all eyes to examine the refractive errors. Some uncertainty remains, however, regarding a possible variation of the level of cycloplegia during the examination period. Being performed first, the measurements with the Humphrey autorefractor would be more subject to influence by incomplete cycloplegia than subsequent measurements using the Nidek autorefractor or subjective refraction. Thus, the possibility of instrument myopia or latent hyperopia would be most pronounced in measurements made using the Humphrey autorefractor in explaining the results
obtained.
The results of this study correspond well with the limits of agreement that can be calculated from data published in other studies performed with different autorefractors in cycloplegia ( Table 2) . Some of the limits of agreement are relatively wide, which has to be taken into account when these instruments are evaluated. As shown in Table 2 , the Nidek autorefractor gave relatively narrow limits of agreement, compared with other studies.
In conclusion, the mean differences in spherical equivalent values found between Nidek autorefraction and subjective refraction were relatively small, and there was a high percentage agreement between these two methods for both the sphere and cylinder components. In addition, the visual acuity obtained with Nidek autorefraction corresponded well with the visual acuity obtained by subjective refraction. It supports the conclusion that in this study the Nidek autorefractor was found to predict the refractive errors better than the Humphrey autorefractor, with the exception of the cylinder axis. Furthermore, the results of this study illustrate that autorefraction can be used as a preliminary refractive method. However, in agreement with previous recommendations, the results of our study indicate that autorefraction should be used as a complement to subjective refraction and not as a substitute for it, where cycloplegic readings are concerned. 2 12 13 We thank the participating students at the University of Trondheim. Furthermore, we thank Jarand Rystad, MSc, for data management assistance and John G Taylor, MSc, for assistance with the text.
